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(57) ABSTRACT 
In one exemplary embodiment, a method includes obtaining 
a digital image of an object. A coordinate-space position of a 
digital camera is defined in relation to the digital object for the 
digital image. A coordinate-space region around the coordi 
nate-space position is defined. The coordinate-space region is 
associated with the digital image based on the coordinate 
space position defined for the digital image. A digital image 
of a room is obtained. A three-dimensional representation of 
the digital image of the room is created according to the 
coordinate system based on the positional information of 
another digital camera that obtained the digital image of the 
room. An object proxy is located in the three-dimensional 
representation of the digital image. A coordinate-space region 
of the room of the object proxy is mapped with a substantially 
matching coordinate-space region of the object. The digital 
image of the object associated with Substantially matching 
coordinate-space region is overlaid onto the digital image of 
the room. 

16 Claims, 7 Drawing Sheets 
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1. 

METHOD AND SYSTEM OF DISCRETZING 
THREE-DIMIENSIONAL SPACE AND 
OBJECTS FOR TWO-DMENSIONAL 

REPRESENTATION OF SPACE AND OBJECTS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application claims priority to U.S. patent provisional 
application No. 61/620.297 titled DISCRETIZING THREE 
DIMENSIONAL SPACE FOR TWO DIMENSIONAL REP 

RESENTATION OF SPACE AND OBJECTS filed on Apr. 4, 
2012. This provisional application is hereby incorporated by 
reference in its entirety. 

This application also claims priority to U.S. patent provi 
sional application No. 61/808,607 titled METHOD AND 
SYSTEM OF DISCRETIZING THREE-DIMENSIONAL 
SPACE AND OBJECTS FOR TWO-DIMENSIONAL REP 

RESENTATION OF SPACE AND OBJECTS filed on Apr. 4, 
2013. This provisional application is hereby incorporated by 
reference in its entirety. 

BACKGROUND 

1. Field 
This application relates generally to digital images, and 

more specifically to discretizing three-dimensional space for 
two-dimensional representation of space and objects. 

2. Related Art 
A single object and/or a collection of objects can be rep 

resented within any three-dimensional space using several 
existing desktop computing tools. However, there is a grow 
ing need to showcase these objects or products within a three 
dimensional space on websites. This type of three-dimen 
sional modeling and representation is used in several 
applications from industrial to architectural. An example 
would be to showcase furniture or furnishings within a virtual 
view of a room displayed with a web browser. 

BRIEF SUMMARY OF THE INVENTION 

In one exemplary embodiment, a computer-implemented 
method includes the step of obtaining a digital image of an 
object. A coordinate-space position of a digital camera is 
defined, according to a coordinate system, in relation to the 
digital object for the digital image. A coordinate-space region 
around the coordinate-space position is defined. The coordi 
nate-space region is associated with the digital image based 
on the coordinate-space position defined for the digital image. 
A digital image of a room is obtained. A three-dimensional 
representation of the digital image of the room is created 
according to the coordinate system based on the positional 
information of another digital camera that obtained the digital 
image of the room. An object proxy is located in the three 
dimensional representation of the digital image. A coordi 
nate-space region of the room of the object proxy is mapped 
with a Substantially matching coordinate-space region of the 
object. The digital image of the object associated with Sub 
stantially matching coordinate-space region is overlaid onto 
the digital image of the room. 

Optionally, the coordinate-space position can be defined 
according to a cylindrical coordinate system. The digital 
image of the object can be a digital camera digital image or a 
computer-rendered digital image. The digital camera can be a 
physical digital camera or a virtual digital camera inside a 
virtual three-dimensional space. 
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2 
BRIEF DESCRIPTION OF THE DRAWINGS 

The present application can be best understood by refer 
ence to the following description taken in conjunction with 
the accompanying figures, in which like parts can be referred 
to by like numerals. 

FIG. 1 depicts a block diagram for a system of discretizing 
three-dimensional space for two-dimensional representation 
of space and objects, according to some embodiments. 

FIG. 2 illustrates a block diagram of an example three 
dimension discretization server, according to some embodi 
mentS. 

FIG. 3 is a block diagram of a sample computing environ 
ment that can be utilized to implement some embodiments. 

FIG. 4 depicts an exemplary computing system that can be 
configured to perform any one of the processes provided 
herein. 

FIG. 5 depicts a process of discretizing three-dimensional 
space for two-dimensional representation of space and 
objects, according to some embodiments. 

FIGS. 6 A-B illustrate an example discretization process 
600, according some embodiments. 
The Figures described above are a representative set, and 

are not an exhaustive with respect to embodying the inven 
tion. 

DESCRIPTION 

Disclosed are a system, method, and article of discretizing 
three-dimensional space and/or objects for two-dimensional 
representation of space and/or objects. The following 
description is presented to enable a person of ordinary skill in 
the art to make and use the various embodiments. Descrip 
tions of specific devices, techniques, and applications are 
provided only as examples. Various modifications to the 
examples described herein can be readily apparent to those of 
ordinary skill in the art, and the general principles defined 
herein can be applied to other examples and applications 
without departing from the spirit and scope of the various 
embodiments. 

Reference throughout this specification to “one embodi 
ment.” “an embodiment,” “one example, or similar language 
means that a particular feature, structure, or characteristic 
described in connection with the embodiment is included in at 
least one embodiment of the present invention. Thus, appear 
ances of the phrases “in one embodiment,” “in an embodi 
ment, and similar language throughout this specification 
can, but do not necessarily, all refer to the same embodiment. 

Furthermore, the described features, structures, or charac 
teristics of the invention can be combined in any suitable 
manner in one or more embodiments. In the following 
description, numerous specific details are provided. Such as 
examples of programming, Software modules, user selec 
tions, network transactions, database queries, database struc 
tures, hardware modules, hardware circuits, hardware chips, 
etc., to provide a thorough understanding of embodiments of 
the invention. One skilled in the relevant art can recognize, 
however, that the invention can be practiced without one or 
more of the specific details, or with other methods, compo 
nents, materials, and so forth. In other instances, well-known 
structures, materials, or operations are not shown or described 
in detail to avoid obscuring aspects of the invention. 
The schematic flow chart diagrams included herein are 

generally set forth as logical flow chart diagrams. As such, the 
depicted order and labeled steps are indicative of one embodi 
ment of the presented method. Other steps and methods can 
be conceived that are equivalent in function, logic, or effect to 
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one or more steps, or portions thereof, of the illustrated 
method. Additionally, the format and symbols employed are 
provided to explain the logical steps of the method and are 
understood not to limit the scope of the method. Although 
various arrow types and line types can be employed in the 
flow chart diagrams, they are understood not to limit the scope 
of the corresponding method. Indeed, some arrows or other 
connectors can be used to indicate only the logical flow of the 
method. For instance, an arrow can indicate a waiting or 
monitoring period of unspecified duration between enumer 
ated steps of the depicted method. Additionally, the order in 
which a particular method occurs can or cannot strictly 
adhere to the order of the corresponding steps shown. 

Exemplary Environment and Architecture 
FIG. 1 depicts a block diagram for a system 100 of dis 

cretizing three-dimensional space for two-dimensional rep 
resentation of space and objects, according to Some embodi 
ments. In some embodiments, discretization can concern the 
process of transferring continuous models and equations into 
discrete counterparts. System 100 can include an image 
acquisition device 102 for obtaining digital images of an 
object. Image acquisition device 102 can include any system 
for the acquisition and communication of digital images. Such 
as a digital camera and a computing device with Internet 
connectivity. In one example, image acquisition device 102 
can obtain n-number of digital images 104 of an object. The 
spatial relationship of image acquisition device 102 with 
respect to the object for each digital image can be obtained as 
well. Example spatial relationships include the spatial rela 
tionship between image acquisition device 102 and the object 
in terms of various coordinate systems. For example, a cylin 
drical coordinate system can be used to map the image acqui 
sition device 102 to the object for each image of then-number 
of digital images 104. A cylindrical coordinate system can be 
a three-dimensional coordinate system that specifies point 
positions by the distance from a chosen reference axis (e.g. 
the reference point can be the position of the object), the 
direction from the axis relative to a chosen reference direc 
tion, and the distance from a chosen reference plane perpen 
dicular to the axis. The latter distance can be given as a 
positive or negative number depending on which side of the 
reference plane faces the point. The origin of the system can 
be a reference point where all three coordinates can be given 
as Zero (e.g. the position of the object). This can be the 
intersection between the reference plane and the axis. The 
three coordinates of the cylindrical coordinate system can be 
p. (p. and Z. In this way, any spatial relationship between and 
the object image acquisition device 102 for aparticular digital 
image of the object can be defined in terms of p, qp, and Z. For 
example, a point P (e.g. wherein point P is the position of 
image acquisition device 102 with respect to the object 
treated as the origin of the cylindrical system) can be defined 
as: the radial distance p is the Euclidean distance from the z 
axis to the point P; the azimuth op' is the angle between the 
reference direction on the chosen plane and the line from the 
origin to the projection of P on the plane; the height Z is the 
signed distance from the chosen plane to the point P. 

For example, image acquisition device 102 can obtain an 
image of the object at a point P1. The cylindrical coordinates 
for the spatial relationship between the image acquisition 
device 102 and the object can be obtained and associated with 
that digital image. The image acquisition device 102 can be 
moved a set distance (e.g. in terms of p, qp, or Z) and another 
digital image of the object obtained. The cylindrical coordi 
nates for the spatial relationship between the image acquisi 
tion device 102 and the object can be obtained and associated 
with the second digital image. This process can be repeated 
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4 
n-number of times. Then-number of times can be sufficient to 
portray a three-dimensional view of the object according to a 
specified set of parameters. It is noted that two of the three 
values of the p, q), Z set can be held constant while one value 
is sequentially altered for the image acquisition device 102 
according to a set sequence of values. For example, p, qp can 
be held constant while the Z value is modified for the position 
of the image acquisition device 102 for a specified sequence 
of digital image acquisitions. Then the p can be modified the 
position of the image acquisition device 102 and another 
sequence of the Z value modification for the position of the 
image acquisition device 102 for a specified sequence of 
digital image acquisitions can be repeated. In this way, 
n-number of digital images for the object for a specified range 
of values for p, q), and Z can be obtained. It is noted that the 
image acquisition device 102 can be placed on a mechanical 
positioning device and the process of image acquisition can 
be automatically performed. Accordingly, the spatial rela 
tionship metadata can be obtained and associated with each 
respective member of then-number of digital images 104 and 
can be communicated to three-dimension discretization 
server 108 (e.g. via computer network(s) 106 such as the 
Internet). It is noted, that in other example embodiments, 
other coordinate systems can be utilized (e.g. Cartesian coor 
dinate system, spherical coordinate system (e.g. with radius 
r, elevation or inclination 0, azimuth (p), etc.). 
Three-dimension discretization server 108 can receive 

n-number digital images 104 and associated spatial relation 
ship information from image acquisition device 102. These 
n-number digital images 104 can be discretized into n-num 
ber of discretized images 110 using the associated spatial 
relationship. For example, each image can be associated with 
a region of a coordinate space based on the associated spatial 
relationship information. The size of the region of coordinate 
space can be based on various parameters such an adminis 
trator input, size of object in digital images, etc. 

Three-dimension discretization server 108 can also receive 
a digital image of a representation of a three-dimensional 
space (e.g. a digital image of a room) represented in a two 
dimensional format (e.g. third-party web server 112). The 
digital image of a representation of a three-dimensional space 
can be discretized according to a specified coordinate system 
as well. For example, three-dimension discretization server 
108 can receive spatial calibration information about the digi 
tal image of the representation of the three-dimensional space 
as well. Three-dimension discretization server 108 can then 
utilize the spatial calibration information and various 
attributes of the representation of the three-dimensional space 
(e.g. wall/floor boundaries, etc.) to map the representation of 
the three-dimensional space with the coordinate system of 
n-number of discretized images 110. Three-dimension dis 
cretization server 108 can further receive an indication from a 
user referring to a placement of the object depicted in n-num 
ber of discretized images 110 in the representation of the 
three-dimensional space. Three-dimension discretization 
server 108 can determine a region of the coordinate system 
that maps to the object's placement location in the represen 
tation of the three-dimensional space. Three-dimension dis 
cretization server 108 can search then-number of discretized 
images 110 for a digital image with a spatial relationship of 
image acquisition device 102 with respect to the object with 
coordinates that are substantial similar to the region of the 
coordinate system that maps to the object's placement loca 
tion in the representation of the three-dimensional space. 
Three-dimension discretization server 108 can then modify 
the digital image of the representation of the three-dimen 
sional space to include the selected image of the object. 
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Three-dimension discretization server 108 can then modify 
the digital image of the representation of the three-dimen 
sional space to include the selected image of the object. This 
modified image can be provided to third-party web server 112 
for communication to a clients web browser. Additionally, 
tree-dimension discretization server 108 can receive various 
data about the camera position that was used to take the 
representation of a three-dimensional space Such as the field 
of view/focal length, rotation, tilt, roll, etc. of the digital 
camera when the digital image was taken. 

Third-party web server 112 be utilized by entities, such as 
real Estate agents, home stagers, home owners, interior 
designers and/or any other party interested and/or involved in 
real estate, homes, buildings, etc. interested in virtually stag 
ing/furnishing a home, building and/or a room etc. for a 
preview for a potential buyer and/or seller. Third-party web 
server 112 can utilize system 100 to provide an application 
that allows users to place objects into an empty home (or a 
room in the home) Such as a couch, tables, beds, a television, 
a dresser etc. Such an application may be used by furniture 
and/or interior designers and/or home buyers, sellers as away 
of previewing or looking at what a home would look like if 
and when it were fully furnished. In some embodiments, 
objects can be rendered in a Software program (e.g. a digital 
drawing program) in a virtual three-dimensional space. A 
virtual camera can utilized in lieu of a physical camera and the 
virtual spatial relationship between the object and the virtual 
camera ascertained accordingly. System 100 can include a 
three-dimensional discretized image data store 114. 

FIG. 2 illustrates a block diagram of an example three 
dimension discretization server 200, according to some 
embodiments. Three-dimension discretization server 200 can 
include an object discretization module 202. Object discreti 
Zation module 202 can discretize objects according to the 
various methods described herein. For example, Object dis 
cretization module 202 can obtain a digital image. Object 
discretization module 202 can define a coordinate-space posi 
tion of the digital camera in relation to the object when the 
digital image. Various coordinate systems can be utilized. 
Additionally, various methodologies to determine spatial 
location?orientation of the digital camera can be utilized (e.g. 
accelerometers, gyroscopes, robotic arms with a known dis 
tance, etc.). A coordinate-space region can be associated with 
each coordinate-space position. The size of the coordinate 
space region can set according to various factors such based 
on the n-number of digital images to be taken and the various 
angles and positions of the object to be depicted in then-num 
ber of images. Additionally, the coordinate-space regions 
associated with a set of digital images of an object can vary in 
size (e.g. become Smaller when the digital image is closer to 
the object, etc.). Three-dimension discretization server 200 
can include one or more image analyzers and graphics-edit 
ing programs. 

Three-dimension discretization server 200 can include a 
room discretization module 204. Room discretization module 
204 can discretize a three-dimensional space represented by a 
two-dimensional digital image obtained by a digital camera. 
(It is noted that the room digital image can be obtained by 
another digital camera than that used to discretize an object). 
Various camera-positional information can be obtained relat 
ing to the position of the digital camera when the room digital 
image is obtained. Room discretization module 204 can dis 
cretize the two-dimensional digital image according to a 
coordinate system such as cylindrical-coordinate system. It is 
noted that various calibrating techniques such as those 
described herein can also be utilized in the discretization 
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6 
process. It is noted that, in Some embodiments, other spaces 
can be discretized in addition to rooms (e.g. gardens, auto 
mobile interiors, etc.). 

Three-dimension discretization server 200 can include an 
image rendering 206. Image rendering 206 can map the vari 
ous digital images of an object with the appropriate three 
dimensional spatial region of the room. Image rendering 206 
can also overlay the digital image of the object onto the digital 
image of the room. 

Three-dimension discretization server 200 can include a 
web-server interface 208. Web-server interface 208 can pro 
vide an interface for uploading various digital images as well 
as a web page that allows users to interact with various object 
digital images and/or room/space digital images. Web-server 
interface 208 can be configured to enable a user to locate an 
object proxy in the three-dimensional representation of the 
digital image of the room. 

FIG. 3 is a block diagram of a sample computing environ 
ment 300 that can be utilized to implement some embodi 
ments. The system 300 further illustrates a system that 
includes one or more client(s) 302. The client(s) 302 can be 
hardware and/or software (e.g., threads, processes, comput 
ing devices). The system 300 also includes one or more 
server(s) 304. The server(s) 304 can also be hardware and/or 
Software (e.g., threads, processes, computing devices). One 
possible communication between a client 302 and a server 
304 can be in the form of a data packet adapted to be trans 
mitted between two or more computer processes. The system 
300 includes a communication framework 310 that can be 
employed to facilitate communications between the client(s) 
302 and the server(s) 304. The client(s) 302 are connected to 
one or more client data store(s) 306 that can be employed to 
store information local to the client(s) 302. Similarly, the 
server(s)304 are connected to one or more server data store(s) 
308 that can be employed to store information local to the 
server(s) 304. 

In some embodiments, system 300 can be include and/or be 
utilized by the various systems and/or methods described 
herein to implement process 100. User login verification can 
be performed by server 304. Client 302 can be in an applica 
tion (such as a web browser, augmented reality application, 
text messaging application, email application, instant mes 
Saging application, etc.) operating on a computer Such as a 
personal computer, laptop computer, mobile device (e.g. a 
Smartphone) and/or a tablet computer. In some embodiments, 
computing environment 300 can be implemented with the 
server(s) 304 and/or data store(s) 308 implemented in a cloud 
computing environment. 

FIG. 4 depicts an exemplary computing system 400 that 
can be configured to perform any one of the processes pro 
vided herein. In this context, computing system 400 can 
include, for example, a processor, memory, storage, and I/O 
devices (e.g., monitor, keyboard, disk drive, Internet connec 
tion, etc.). However, computing system 400 can include cir 
cuitry or other specialized hardware for carrying out some or 
all aspects of the processes. In some operational settings, 
computing system 400 can be configured as a system that 
includes one or more units, each of which is configured to 
carry out some aspects of the processes either in Software, 
hardware, or some combination thereof. 

FIG. 4 depicts computing system 400 with a number of 
components that can be used to perform any of the processes 
described herein. The main system 402 includes a mother 
board 404 having an I/O section 406, one or more central 
processing units (CPU) 408, and a memory section 410. 
which can have a flash memory card 412 related to it. The I/O 
section 406 can be connected to a display 414 and display 
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424, a keyboard and/or other user input (not shown), a disk 
storage unit 416, and a media drive unit 418. The media drive 
unit 418 can read/write a computer-readable medium 420, 
which can contain programs 422 and/or data. Computing 
system 400 can include a web browser. Moreover, it is noted 
that computing system 400 can be configured to include addi 
tional systems in order to fulfill various functionalities. In 
another example, computing system 400 can be configured as 
a mobile device and include Such systems as can be typically 
included in a mobile device Such as GPS systems, gyroscope, 
accelerometers, cameras, augmented-reality systems, etc. 

Exemplary Processes 
FIG. 5 depicts a process 500 of discretizing three-dimen 

sional space for two-dimensional representation of space and 
objects, according to some embodiments. In step 502 of pro 
cess 500, a digital image of an object is obtained. The digital 
image can be taken with a digital camera. In step 504, a 
coordinate-space position of the digital camera is defined in 
relation to the object when the digital image is obtained. 
Various coordinate systems can be utilized. Additionally, 
various methodologies to determine spatial location? orienta 
tion of the digital camera can be utilized (e.g. accelerometers, 
gyroscopes, robotic arms with a known distance, etc.). A 
coordinate-space region can be associated with each coordi 
nate-space position. The size of the coordinate-space region 
can set according to various factors such based on the n-num 
ber of digital images to be taken and the various angles and 
positions of the object to be depicted in the n-number of 
images. Additionally, the coordinate-space regions associ 
ated with a set of digital images of an object can vary in size 
(e.g. become Smaller when the digital image is closer to the 
object, etc.). It is noted that steps 502 and 504 can be repeated 
n-number of times. 

In step 506, a three-dimensional representation of a space 
(e.g. a room in a building) can be provided in a web page 
image. The web-page image itself can be in two-dimensions. 
The web-page image can be discretized into spatial regions 
defined according to a three-dimensional (e.g. spatial) coor 
dinate system as well. The three-dimensional coordinate sys 
tem of the digital image(s) of the preceding steps can be the 
same as the coordinate system of the three-dimensional rep 
resentation of the space. For example, a two-dimensional 
region of the web-page image can be associated with a set of 
three-dimensional spatial regions defined by the three-dimen 
sional coordinate system of then-number of discretized digi 
tal images produced in the previous steps of process 500. 
Also, various fields of view/focal lengths, rotations, tilts, 
rolls, sizes, etc. available for display of an object in the two 
dimensional region of the web-page image can associated 
with the one or more three-dimensional spatial regions. Thus, 
each available value of the various fields of view/focal 
lengths, rotations, tilts, rolls, sizes, etc. can be associated with 
a particular three-dimensional spatial region within the set of 
three-dimensional spatial regions associated with the particu 
lar two-dimensional region of the web-page view. 

Various cues and/or methods can be utilized to calibrate the 
three-dimensional representation of a space to the three-di 
mensional coordinate system as well. For example, various 
calibration methods to discretize the space of the scene 
depicted in the three-dimensional representation of a space in 
terms of the coordinate system of the digital images (e.g. 
identification of calibration objects in the scene of the three 
dimensional representation of a space, virtual calibration 
objects inserted into the digital image of the three-dimen 
sional representation of a space, etc.). In one example, the 
three-dimensional representation of a space can be an image 
of a room. Accordingly, the coordinate space of room can be 
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8 
calculated based on camera position that was used to take the 
digital image of the field of view/focal length, rotation, tilt, 
roll, etc. In this way, in step 508, the web-page image view is 
mapped within the three-dimensional representation of the 
space with an appropriate coordinate-space region. The web 
page image view can be determined based on where a user 
drags and drops a representation of the object with the web 
page image. The web-page image view can be further deter 
mined based on the orientation of the representation of the 
object within the web-page image. In 510, the digital image of 
the object associated with the coordinate space region is 
obtained and overlaid over the web-page image. It is noted 
that steps 508-510 can be repeated j-number of times. 

FIGS. 6 A-B illustrate an example discretization process 
600, according some embodiments. In step 602 of process 
600, a digital image of an object can be obtained. In step 604 
a coordinate-space position of a digital camera can be defined 
in relation to the digital object for the digital image. In step 
606, a coordinate-space region around the coordinate-space 
position can be defined. In step 608, the coordinate-space 
region can be associated with the digital image based on the 
coordinate-space position defined for the digital image. In 
step 610 and step 612, a digital image of a room can be 
obtained. In step 614, a three-dimensional representation of 
the digital image of the room can be created according to the 
coordinate system based on the positional information of 
another digital camera that obtained the digital image of the 
room. An object proxy can be located in the three-dimen 
sional representation of the digital image. In step 616, a 
coordinate-space region of the room of the object proxy can 
be mapped with a Substantially matching coordinate-space 
region of the object. In step 618, the digital image of the object 
associated with Substantially matching coordinate-space 
region can be overlaid onto the digital image of the room. 
Systems 100, 200, 300 and 400 can be utilized to perform 
processes 500 and/or 600. 

Exemplary Use Cases and Additional Exemplary Pro 
CSSS 

An example use case is now described according a particu 
lar embodiment. The first step can be the identification of the 
three-dimensional coordinate system represented by a digital 
camera that has taken a two-dimensional photograph. This 
can involve identifying the position of the digital camera 
along the three axes as well as identifying the axis of rotation 
in each of the three directions. The height of the digital cam 
era from the ground represented the vertical position can be 
measured. The planar positioning of the objects with respect 
to the digital camera can be based on the three-dimensional 
coordinate transformations. Some digital camera properties 
can be extracted from the EXIF (Exchangeable Image File 
Format) data of the photograph. The roll, the pitch and the 
yaw of the digital camera can represent the three rotations of 
the axes. These can be calculated and/or eliminated by user 
interaction with the photograph to create a three-dimensional 
coordinate system. 
The second step can be the discretization of the three 

dimensional coordinate system that identified in step one. 
Discretization can include the process of dividing the con 
tinuous space into discrete Sub-volumes. Any point belonging 
to any of those Sub-volumes is approximated to be at the 
center of that volume for the purpose of choosing from then 
discretized images. This process can be carried out as a first 
step toward making them Suitable for numerical evaluation 
and implementation. The present embodiment can include the 
discretization of the three-dimensional space into discrete 
blocks of space. An analogous example can be the discreti 
Zation of an analog image as discrete pixels, wherein each 
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pixel represents a single value which approximates the over 
all content within the space that that particular pixel repre 
sents. The higher the resolution of the discretization, the 
more true may be the representation, for example. Similarly, 
the three-dimensional space represented by a digital camera 
view, can be discretized into several small blocks, wherein 
each block can represent a single value that approximates the 
overall three-dimensional representation of that block. This 
discretization can enable a finite number of visual combina 
tions that can be used to create the two-dimensional repre 
sentation of the objects within the three-dimensional space. 
Just as increasing the number of pixels of an analog image the 
accuracy of the digital representation increases, similarly 
higher the level of discretization of the three dimensional 
space, higher will be the accuracy of the discretized represen 
tation of that space. 

The third step can be to generate the rendered set of views 
of the objects for that discretized space. These rendered views 
can be two-dimensional images that are pre-generated and 
then used based on the object position in the three-dimen 
sional space. By pre-generating these images the complexi 
ties of the object that can be represented is then represented by 
two-dimensional pixels rather than three-dimensional geom 
etry—thus allowing for real time representation of complex 
objects independent of the computing hardware. This allows 
for the overlay of two-dimensional object images on the top 
of a two-dimensional photograph that can be visually equiva 
lent to the three-dimensional representation. 
As an example of discretized three-dimensional technol 

ogy application may be used for interactively furnishing pho 
tographs of vacant rooms. Online retailers, furniture dealers 
and the like, may provide pictures, dimensions and other 
information for furnishings they may offer (e.g., a Milano 
chair, a Z chair, a Koko bench, a Chandra Rugs Faro, etc.). In 
addition, local retailers may also provide samples of the real 
furnishings they may offer. However, in neither case is the 
buyer able to determine whether the items they want online 
and/or locally complement each other or the room they may 
be placed in. Overlaying photographs of objects on the pho 
tograph of a room cannot work if the perspectives do not 
match and create an unrealistic view. Three-dimensional 
models may be placed using three-dimensional viewers, how 
ever, they may provide a cartoonish image and may not aid 
the viewer. 

Items (e.g. digital images and/or digital proxies of items) 
may be dragged and dropped into a photograph, according to 
one or more embodiments. One embodiment can include 
mapping a digital camera's three-dimensional space. A pho 
tograph may be a two-dimensional collection of pixels. These 
pixels may map the three-dimensional space that the digital 
camera may have captured. According to one or more 
embodiments, the method and/or system may map this three 
dimensional space. According to other embodiments, three 
dimensional objects may be added to the mapped space. 
According to one or more exemplary embodiments, a photo 
graphs three-dimensional space may be integrated with 
three-dimensional object representations. 

Example use cases may include, but may not be limited to: 
electronic retailing and Software as a Service, social market 
places, and virtual goods, according to one or more embodi 
ments. Furniture retailers and manufacturers may use the 
invention for photorealistic virtual galleries, digital assets 
and/or strategic business intelligence. The invention, accord 
ing to one or more embodiments, may be implemented as a 
social media platform for design and décor and may comprise 
a community of buyers, interior design enthusiasts and pro 
fessionals. It may also comprise collective intelligence and 
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10 
multi-layered social analytics and may be linked to e-Tailing 
and physical products, according to one or more exemplary 
embodiments. This may be extended to, inter alia: multi 
platforms, creating virtual galleries and catalogues, may be 
powered by digital assets, may showcase furniture in virtual 
showrooms (e.g., a collection of semi-furnished room photo 
graphs such that buyers may try the furniture), may showcase 
furniture in customer photographs, may provide strategic 
business intelligence (e.g., may help analyze and aggregate 
customer clicks), may be used in physical showrooms (e.g., at 
a kiosk), and/or may be used by design consultants who may 
use mobile devices to visit a client, take a photograph and 
interactively design, according to one or more exemplary 
embodiments. 

According to one example embodiment, one use case may 
be used for the property sale and/or rental markets. It may 
comprise Smart rental guides and one or more staging 
toolsets. It may also have provisioning for rental properties 
and MLS listings, according to one or more exemplary 
embodiments. The method and/or system may be implanted 
and/or may comprise an interior design as a game function. 
Furnishings may be earned or bought and it may comprise 
furniture hierarchy and virtual goods pricing models corre 
lated with the real world, according to one or more illustrative 
examples. 
The method and/or system, according to one or more 

embodiments, may be implemented for virtual goods and/or 
tablet computers as a design tool. An application may provide 
a platform for interior design. The target may be furniture 
customers, interior design enthusiasts and professionals. 
According to one embodiment, furniture items may link to a 
retailer's website or may utilize and referral and/or a market 
place model. The method and/or system may also be imple 
mented in the Social marketplace, according to one or more 
embodiments. It may comprise a social media platform for 
design and décor. It may be catered to a community of con 
Sumers, interior design enthusiasts and other professionals. 
According to one embodiment, it may comprise one or more 
design "canvas” and/or one or more design “folios.” Consum 
ers may upload one or more images of a room that they may 
plan to furnish and may seek input from a social circle (e.g., 
professionals, friends, family, etc.). 

According to other embodiments, consumers may explore 
compelling designs with contributions from their social circle 
and/or other professionals. A collective intelligence model 
may also be implemented in addition to multi-layered Social 
analytics built on a powerful collective intelligence platform, 
according to one or more embodiments. 

It is noted that in Some embodiments, space can be dis 
cretized in any way that Suits the current user application. For 
example, when using system 100 and/or process 500 for 
photographing architectural spaces, the cylindrical coordi 
nate system can be utilized. It is further noted that discretizing 
the p value of coordinate space coordinates p, qp, Zuniformly 
may not perceptible to the user as the perceived size of an 
object can decrease faster the closer to the object is to the 
camera (and slower farther away the object is from the cam 
era). In this way, in one example, the p can be discretized in a 
non-linear manner. The p can be discretized in uniform steps. 
The discretization of Z can be decided based on the current 
application. For example, with the placement of objects inte 
rior spaces as home accessories and/or furniture placed at 
different Z coordinates. It further is noted that a rotation 
dimension can be utilized (e.g. in System 100 and/or process 
500). Thus, each object can be rotated a full three-hundred 
and sixty (360) degrees in each location of a room after it (and 
the room) have been discretized. 
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CONCLUSION 

Although the present embodiments have been described 
with reference to specific example embodiments, various 
modifications and changes can be made to these embodi 
ments without departing from the broader spirit and scope of 
the various embodiments. For example, the various devices, 
modules, etc. described herein can be enabled and operated 
using hardware circuitry, firmware, Software or any combi 
nation of hardware, firmware, and Software (e.g., embodied in 
a machine-readable medium). 

In addition, it can be appreciated that the various opera 
tions, processes, and methods disclosed herein can be embod 
ied in a machine-readable medium and/or a machine acces 
sible medium compatible with a data processing system (e.g., 
a computer system), and can be performed in any order (e.g., 
including using means for achieving the various operations). 
Accordingly, the specification and drawings are to be 
regarded in an illustrative rather than a restrictive sense. In 
Some embodiments, the machine-readable medium can be a 
non-transitory form of machine-readable medium. 

What is claimed as new and desired to be protected by 
Letters Patent of the United States is: 

1. A computer-implemented method comprising: 
obtaining a digital image of an object; 
defining, according to a coordinate system, a coordinate 

space position of a digital camera in relation to the object 
in the digital image: 

defining a coordinate-space region around the coordinate 
space position; 

associating the coordinate-space region with the digital 
image based on the coordinate-space position defined 
for the digital image; 

obtaining a digital image of a room; 
creating a three-dimensional representation of the digital 

image of the room according to the coordinate system 
based on positional information of another digital cam 
era that obtained the digital image of the room; 

locating an object proxy in the three-dimensional represen 
tation of the digital image of the room; 

mapping a coordinate-space region of the room of the 
object proxy with a matching coordinate-space region of 
the object; and 

overlaying the digital image of the object associated with 
the matching coordinate-space region onto the digital 
image of the room, wherein the coordinate-space posi 
tion is defined according to a cylindrical coordinate sys 
tem, wherein the cylindrical coordinate system is 
defined by a p-value, a p-value, and a Z-axis value, 
wherein the p-value defines a distance from the Z-axis 
value to the object, wherein the p-value defines an angle 
between a reference direction on a chosen plane and a 
line from the object to the digital camera on the chosen 
plane, and wherein the Z-axis value defines a signed 
distance from the chosen plane to the object. 

2. The computer-implemented method of claim 1, wherein 
the Z-axis value comprises a constant value for each of the 
digital image and wherein the p-value, and the p-value vary 
between each of the digital images. 

3. The computer-implemented method of claim 2, wherein 
more than one digital image is obtained. 

4. The computer-implemented method of claim 1, wherein 
the object comprises a sofa. 

5. The computer-implemented method of claim 4, wherein 
a Z-axis value comprises a range between a minimum of a 
maximum height of the Sofa and a maximum of five-feet. 
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12 
6. The computer-implemented method of claim 1, wherein 

the object comprises a vase. 
7. The computer-implemented method of claim 1, wherein 

the Z-axis value is set according to a placement height of the 
vase in a showroom. 

8. The computer-implemented method of claim 1, wherein 
the digital image of the object comprises a digital camera 
digital image or a computer-rendered digital image. 

9. The computer-implemented method of claim 1, wherein 
the digital camera comprises a physical digital camera or a 
virtual digital camera inside a virtual three-dimensional 
Space. 

10. A computer system comprising: a memory configured 
to store a set of instructions used to implement discretizing 
three-dimensional space or objects for two-dimensional rep 
resentations; and 

one or more processors configured to: 
obtain a digital image of an object; 
define, according to a coordinate system, a coordinate 

space position of a digital camera in relation to the object 
in the digital image: 

define a coordinate-space region around the coordinate 
space position; 

associate the coordinate-space region with the digital 
image based on the coordinate-space position defined 
for the digital image; 

obtain a digital image of a room; 
create a three-dimensional representation of the digital 

image of the room according to the coordinate system 
based on positional information of another digital cam 
era that obtained the digital image of the room; 

locate an object proxy in the three-dimensional represen 
tation of the digital image of the room; 

match a closest object proxy from a collection of object 
proxies created from a discretization process with a set 
of known three dimensional positions; 

map a coordinate-space region of the room of the object 
proxy with a matching coordinate-space region of the 
object; and 

overlay the digital image of the object associated with the 
matching coordinate-space region onto the digital image 
of the room, wherein the coordinate-space position is 
defined according to a cylindrical coordinate system, 
wherein the cylindrical coordinate system is defined by 
a p-value, a p-value, and a Z-axis value, wherein the 
p-value defines a distance from the Z-axis value to the 
object, wherein the p-value defines an angle between a 
reference direction on a chosen plane and a line from the 
object to the digital camera on the chosen plane, and 
wherein the Z-axis value defines a signed distance from 
the chosen plane to the object. 

11. The computer-implemented system of claim 10, 
wherein more than one digital image is obtained. 

12. The computer-implemented system of claim 10, 
wherein the object comprises a sofa. 

13. The computer-implemented method of claim 12, 
whereina Z-axis value comprises a range between a minimum 
of a maximum height of the Sofa and a maximum of six-feet. 

14. The computer-implemented system of claim 10, 
wherein the digital camera comprises a physical digital cam 
Ca. 

15. The computer-implemented system of claim 10, 
wherein the digital camera comprises a virtual digital camera 
operating inside a virtual three-dimensional space and 
wherein the digital image comprises a computer-rendered 
digital image. 
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16. A method comprising: 
receiving n-number digital images of an object; 
defining, according to a coordinate system, n-number coor 

dinate-space positions of a view in relation to then-num 
ber digital images; 

defining n-number coordinate-space regions around the 
n-number coordinate-space positions; 

associating each of then-number coordinate-space regions 
with then-number digital images based on then-number 
coordinate-space positions defined for the digital image: 

obtaining a digital image of a space; 
generating a three-dimensional representation of the digi 

tal image of the space according to the coordinate sys 
tem based on positional information of a digital camera 
that obtained the digital image of a room; 

locating an object proxy in the three-dimensional represen 
tation of the digital image of the space; 

determining a coordinate-space region of the room of the 
object proxy that matches a matching coordinate-space 
region of the n-number coordinate-space regions; and 

modifying the digital image of the space to include the 
digital image of the object associated with the matching 
coordinate-space region, wherein the coordinate-space 
position is defined according to a cylindrical coordinate 
system, wherein the cylindrical coordinate system is 
defined by a p-value, a p-value, and a Z-axis value, 
wherein the p-value defines a distance from the Z-axis 
value to the object, wherein the p-value defines an angle 
between a reference direction on a chosen plane and a 
line from the object to the digital camera on the chosen 
plane, and wherein the Z-axis value defines a signed 
distance from the chosen plane to the object. 
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